Accounting for Agricultural Decline with Economic Growth in Taiwan

I. Introduction
Long-term economic growth has generally been associated with changes in sectoral contributions to economic output. Many authors have noted the substantial shift of labor from the agricultural sector to other economic sectors as growth proceeds (Anderson, 1987; Weisdorf, 2004; Kongsamut, et al., 2001) . Lewis (1953) developed his surplus labor theory of economic development around a dual sector model with economic growth fueled by the transfer of labor from the relatively stagnant traditional agricultural sector to a modern capitalist sector. For Lewis, labor employed in traditional agriculture was in "unlimited supply" in the sense that it could be withdrawn without reducing agricultural output (its marginal product approached zero).
Lewis saw agriculture as less productive than manufacturing, a view that is consistent with a long tradition in economics beginning with Smith and Ricardo (Martin and Mitra, 2001) .
The movement of labor from traditional agriculture to the manufacturing and service sectors need not mean that agriculture is stagnant and incapable of growth. Martin and Mitra find that productivity growth between 1967 and 1992 was faster in agriculture than in manufacturing for a sample of 50 countries at various income levels. Mundlak also noted that substantial technological change in agriculture has made important contributions to overall economic growth by keeping food prices low and freeing up labor resources that could be employed in the growing manufacturing sectors. Mundlak points out, however, that the process of technical change in agriculture ultimately means that the share of agriculture in total output has declined (page 17).
Anderson examined the reasons for the decline in agriculture's share of a growing economy. He noted that the decline in agricultural share could be explained for the world as a whole or for a small closed economy by relatively slow increases in food demand as a result of Engel's Law coupled with expanded agricultural output due to technological change. The effect of Engel's Law could be offset if technological change were sufficiently biased in favor of the non-farm (manufacturing) sector to give rise to a substantial increase in the relative price of food that would counter the decline in quantity (Anderson, 1987, p. 198) . In small open economies, Anderson shows that a very strong bias in technological change in favor of agriculture could lead to an increase in the agricultural share if the effect on the quantities of food and non-food output were enough to offset the decline in relative prices (p. 198) . It is unlikely that there would be such extreme biases in productivity gains for either sector. In the open-economy case, extreme bias in the growth of the agricultural sector is unlikely because of Rybczynski effects.
Agriculture is thought to be labor-intensive while manufacturing is more capital-intensive. As a country's factor endowment begins to include more capital, resources will be withdrawn from the labor-intensive agricultural sector and transferred to the more capital-intensive manufacturing sector (Anderson, 1987, p. 198; Martin and Mitra, 2001, p. 406 and p. 417) .
Taiwan is an example of a small, open economy in which there was initially an apparent comparative advantage in agricultural goods. In 1952, agricultural and processed agricultural products made up 92 percent of the value of Taiwan's exports. At that time, the agricultural sector's share in GDP was 32 percent. In 1997, the export share of agriculture and food products was 2.1 percent and the share of the agricultural sector in GDP was 2.7 percent. From the preceding discussion, such changes can be explained by technological change in agriculture, changes in preferences and relative prices (Engel's Law), and changes in factor endowments (Rybczynski effects). The purpose of this paper is to analyze the relative influence of these three sets of factors in accounting for the change in the agricultural share of GDP in Taiwan. In addition, the evolution of the agricultural share in Taiwan's GDP is decomposed to examine short-run variations and long-run factors.
Most studies of Taiwan's economic growth have focused on productivity growth rather than changes in economic structure (Young, 1995 (Young, , 1994a (Young, , 1994b Kim and Lau, 1994; Dessus et al., 1995; Fare et al., 1995; Chambers et al., 1996; Liang and Jorgenson, 1996; Fuess and Van Den Berg, 1996; Chang and Luh, 2000; Liang, 2002; Sun, 2002) . Davies (1981) and Ho (1975) study structural change in the manufacturing sector while Kikuchi et al. (1978) and Cheng (1989) conduct historical analyses of the agricultural sector. In several papers on the newly industrialized countries in East Asia (Taiwan, South Korea, Hong Kong and Singapore), Young argues that the main cause of their rapid economic growth was factor deepening brought about by the transfer of labor from the traditional sector to the manufacturing sector and substantial capital accumulation (Young, 1995 (Young, , 1994a (Young, , 1994b . He showed that productivity growth in these countries was not exceptionally high and suggested that outward-oriented policies were not the key to their rapid growth. From this perspective, the decline in agriculture's share of Taiwanese GDP contributed to the labor accumulation in the manufacturing sector that was of fundamental importance in the rapid economic growth experienced by that country.
In this paper, we develop an empirical model to decompose the evolution of the agricultural share of GDP into three components: price changes, factor endowment changes and technological change. We use an aggregate restricted GDP function based on theoretical models of Dixit and Norman (1980) that have been estimated by Kohli (1978) , Diewert and Morisson (1998) , Lau and Yotopoulas (1989) , Warr (1993 and , and Harrigan (1997) .
The results of the analysis shed light on the causes of the sectoral change which, according to Young (1994a Young ( , 1994b Young ( , 1995 , was so important for Taiwan's overall economic growth experience and lead to conclusions about the significance of open market economic policies in the evolution of Taiwan's economy. In the following section, the theoretical model is formulated and the stochastic model is presented. The third section briefly describes the data used in the analysis. The estimates of the model parameters are then presented and discussed, followed by concluding comments.
II. Theory and Model
We assume a small open economy with competitive market clearing producing two outputs with three inputs. Production is joint as outputs compete for the use of fixed factor endowments. Since the estimation of the model is based on time series data, consideration of the nature of technical progress is possible. We assume that the aggregate technology satisfies constant returns to scale, free disposability and non-increasing marginal rates of substitution and transformation. Even if individual firms have decreasing returns, the assumption of constant returns can still be applied at the economy-wide level because changes in output can be achieved by changing the number of firms. Under profit maximization, the competitive equilibrium can be characterized as the solution to the problem of maximizing revenues subject to the technology, the endowment of domestic resources and a vector of positive output prices at each point in time.
Let T(t) be the production possibilities set at time t. We can then present the technology as the following GDP function (Kohli, 1978 , 1991 , Woodland, 1977 :
where y is the vector of final goods, i.e. agricultural products (A) and nonagricultural products (N), p is the vector of final goods prices (P a and P n ), x is a vector of factor endowments that include labor (L), capital (K) and resources (R), T(t) is a convex production set and t (time) is used as a proxy for technical change. The GDP function is linearly homogeneous and convex in output prices and is non-decreasing in both the prices and quantities of outputs.
For empirical purposes a translog function is used to represent GDP. Without the time subscript, the GDP function is:
i∈{A, N}, j∈{L, K, R}
where p i represents output prices; x j represents quantities of factor endowments, and t is time.
Symmetry and linear homogeneity in x (constant returns to scale) and in p are imposed using the following restrictions:
According to Hotelling's Lemma, the vector of net output supplies y i (p,x) is given by the gradient of π(p t , x t , t) with respect to p. The Translog functional form allows us to represent the output supply in terms of shares. The partial derivative of ln π with respect to ln p a once the homogeneity restrictions in (3) are imposed is the agricultural share (S a ) :
S a =α a +α aa ln p a +(-α aa ) ln p n +γ aL lnL + γ aK lnK + (-γ aL -γ aK ) lnR +γ at t (4) Equation (4) can be rewritten:
This equation is used later to understand how changes in output prices, factor endowments and technical change account for the decline in the GDP share of the agricultural sector in Taiwan.
III. Data
To estimate equation (5) The factors we consider in this model are capital (K), labor (L) and land (or natural resources, R). These factors are modeled as quasi-fixed only within the annual observation period, and allowance is made for adjustments and interactions through time as will become clear later. The capital stock series was constructed using a perpetual inventory method with an annual depreciation rate of 5 percent:
where K is capital stock at the end of each year, d is the depreciation rate, I is investment. A level of physical capital stock is estimated for 1966 following Harberger's (1978) method of estimation of the capital stock at the steady state. First, we assume a steady-state relation:
The initial capital stock can be retrieved from:
where I* is the steady state level of investment, g is the rate of growth of real investment (and capital), d is the rate of depreciation and K* is the steady-state capital stock. Second, we estimate the growth rate g by
where t is time and the coefficient of t is the growth rate of real investment, g. Employing a 5 percent depreciation rate we can obtain the initial capital stock in the first period of the sample from the steady-state relation. Then by adding investment during the previous period and deducting depreciation we can rebuild the capital stock series.
As for labor endowments, Darby (1984) suggests that labor stock data should be adjusted to embody human capital. We therefore include the average number of years of schooling for the labor force as a proxy for human capital. L is given as:
is the human capital embodied per unit of labor force, E is the average school years for the labor force, and l is the labor force. Equation (10) can be expressed: The full sample period is 1967 to 1997. The real GDP in the agricultural sector is presented in Figure 1 , and the share of agriculture in GDP is presented in Figure 2 . The two diagrams show that even though there is substantial growth in the value of agricultural output over the last 30 years, the share of agriculture in GDP has declined. The price of agricultural output in relation to nonagricultural output is plotted in Figure 3 . No substantial trend in the relative prices is evident. There does not appear to be much relation between relative agricultural prices and the share of agriculture in GDP although the increase in relative price between 1973 and 1975 does seem to correspond to a brief increase in agriculture's share of GDP. The capitallabor ratio computed as described above is depicted in Figure 4 . This series shows a smooth increase in the 1970s and 1980s. After 1989, the rate of growth of the capital-labor ratio increases more rapidly because the rate of investment increased per unit of labor. The declining ratio of land to labor is shown in Figure 5 . 1 9 6 7 1 9 6 9 1 9 7 1 1 9 7 3 1 9 7 5 1 9 7 7 1 9 7 9 1 9 8 1 1 9 8 3 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7
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IV. Empirical Results
The data were first tested to assess whether the variables are non-stationary.
Regressions involving independent non-stationary variables tend to generate spurious results.
The standard method for detecting non-stationary behavior in a time series is to test for the presence of a unit root. A variable that has a unit root but whose first differences are stationary is referred to as being integrated of order one and is denoted as I(1). We can difference the variables prior to estimation to get consistent estimates of the model coefficients when the variables are not co-integrated. If variables are co-integrated, however, there is a long-run relation between the 'integrated' economic variables. In such cases, the relationship can be represented with an error-correction model (ECM).
We add an error term to Equation (5) to represent the long-run relation between the agricultural share, prices, factor endowments and technology, with a 0 , a 1 , a 2 , a 3 , a 4 the parameters to be estimated in the empirical model.
S a = a 0 + a 1 ln(p a /p n ) + a 2 ln(K/L) + a 3 ln(R/L) + a 4 t + u t (13)
The ECM equation in first differences is:
ΔS a = a 4 + a 1 Δln(p a /p n )+ a 2 Δln(K /L )+a 3 Δln(R/L)+(u t -u t-1 )
where ∆ is the first-difference operator. If u t is serially correlated,
with ε t distributed with zero mean and finite variance, (14) can be rewritten as:
ΔS a = a 4 + a 1 Δln(p a /p n ) + a 2 Δln(K /L ) + a 3 Δln(R/L) + λu t-1 +ε t (16) where λ=(ρ-1). Ifρ =1 then u t is non-stationary and λ is zero. In this case the first-differences specification in (14) does not include the term (u t -u t-1 ) and the equation can be consistently estimated by OLS. However the estimated coefficients do not carry the same interpretation as the coefficients in equation (13) since equation (14) will be a dynamic specification measuring the short-run effects of changes but not of levels. When ρ is smaller than unity so that u t is stationary then λ will be different from zero and the error correction term should be included in the dynamic ECM specification of (14). Estimating the specification in first differences without the error correction term will not provide consistent estimates, as changes in the agricultural share will be affected by deviations from the steady state.
A number of tests for stationarity are available such as the Dickey-Fuller test (1984) and the Phillips-Perron test (1988) . Table 1 presents the results of the standard Dickey-Fuller (DF) and the augmented Dickey-Fuller (ADF) tests. Results suggest that the relative price ratio and the resources per worker do not have unit roots while we cannot reject the unit roots hypothesis for the capital per worker and agricultural share variables. Since the agricultural share and the relative capital labor ratio are I(1), the co-integrating relationship of these variables is examined further. According to Lee and Granger (1990) , it is possible to find equilibrium relationships among groups of variables that are integrated of different orders. They refer to this circumstance as "multicointegration". Both Granger type residual tests (shown in Table 1 ) and the Johansen test (shown in Table 2 ) were conducted to identify the cointegration relationship among the variables. These tests and all econometric analysis were undertaken using SHAZAM. Tests indicate rejection of the hypothesis of no co-integrating relationship among the variables. The results confirm a long-run relationship among the variables of interest. 3. The cointegration test was conducted with a DF test of the residual from the long-run equilibrium. The
Cochrane-Orcutt approach was used in estimating the long-run relationship function. Equation (13) was first estimated with OLS. Since there is an autoregressive problem in the estimation, we also report the results obtained using the Cochrane-Orcutt approach (shown as part A in Table 3 ). Because the agricultural share and the relative capital-labor ratio are I (1) with a co-integration relationship between these variables, the error correction model is a more appropriate specification. Besides using the two-step approach of Engle and Granger (1989) in estimating the error correction model, we also formulate a more general model by introducing the lagged changes of each variable into equation (16) as indicated by the Akaike's Information Criterion:
Short-run and long-run parameters can be estimated jointly by replacing u t-1 in Equation (17) with Equation (13):
ΔS a = b 0 +Σ b 1s Δ S a t-s-l +Σb 2s Δln(p a /p n ) t-s +Σb 3s Δln(K /L ) t-s +Σb 4s Δln(R/L) t-s + λ( S a t-1 -a 0 -a 1 ln(p a /p n ) t-1 -a 2 ln(K /L ) t-1 -a 3 ln(R/L) t-1 -a 4 t t-1 ) +ε t (18) or equivalently as:
ΔS a = c 0 +Σ b 1s Δ S a t-s-l +Σb 2s Δln(p a /p n ) t-s +Σb 3s Δln(K /L ) t-s +Σb 4s Δln(R/L) t-s +c 1 S a t-1 + c 2 ln(p a /p n ) t-1 + c 3 ln(K /L ) t-1 + c 4 ln(R/L) t-1 +c 5 t t-1 +ε t (19)
where Table 3 , B and C.
From the Engle Granger two-step estimate, the negative sign for u t-1 in equation (17) demonstrates adjustment to the long-run relationship. From the dynamic and the long-run parameters in B(i-ii) and C (Table 3) , we can see that each of the estimated equations has a positive gradient with respect to the level and the change of the price ratio. This indicates that when the relative price of agricultural products increases so does the share of the sector (the result of C) and it does so at an increasing rate (∆ S a , the results of B(i)-(ii)). Although not significant, the negative sign for the coefficient of the capital-labor ratio suggests that it is inversely related to agriculture's share in GDP as well as to its change. Since the coefficient of K/L is recovered from the results in B, its insignificance may be the result of multicollinearity in B due to a high correlation between ln(K/L) t-1 and Sa t-1 . The results in A show a significant negative relationship between K/L and the agricultural share and given that the level variables are co-integrated, these results may be a better estimate of this relationship. The implication of this analysis is that even when technological change is biased in favor of the agricultural sector, as shown by the coefficient of time, agriculture's contribution to the economy shrinks, mainly because of the large influx of capital that benefited the rest of the economy.
These results are also consistent with the Rybczynski Theorem, which hypothesizes that an increase in the endowment of one factor will increase the output of the commodity intensive in that factor and will reduce the output of other commodities. Since agriculture is relatively labor intensive, the rapid accumulation of capital will cause a relative decline of the agricultural sector's share. As to the influence of land per unit of labor, the positive sign indicates that the declining land-labor ratio may be responsible for some of the decrease of the agricultural share.
The coefficient of time shows that technical change has been biased in favor of agriculture.
The significant negative sign for the coefficient of ∆ ln(K/L ) t in B-(i)equation (17) shows that the increase in the accumulation of capital stock may result in a decline in the change of the agriculture share. On the other hand the significant coefficients for lagged shares indicate that dynamic adjustments are important in the production process. 1
We use the long-run parameters from part C in Table 3 to calculate output supplies and transformation elasticities. Even though the elasticities at the mean, shown in Table 3 , have the expected sign, in 8 out of 29 observations the curvature condition is violated indicating lack of global convexity of the translog GDP function. The supply elasticity of nonagricultural products 1 As Nerlove (1956) has shown, this particular reduced form could alternatively be capturing price expectations instead of dynamic adjustment. It is a maintained hypothesis in our paper that price expectations are static and that the lagged shares represent dynamic production adjustment.
at the mean is smaller than that of agricultural products. The transformation elasticity between the two sectors is negative indicating substitutability.
If the regressors of a model are asymptotically correlated with the contemporaneous disturbance of the model, the coefficient estimated by OLS may be inconsistent (Beggs, 1988) .
A weak exogeneity test (Ericsson, 1992) is used to examine this potential problem for both the OLS model and the ECM model. T-tests for the significance of the lagged residual from equation (13) as an explanation of ln(P a /P n ), ln(K/L) and ln(R/L) in the OLS estimation and for the lagged residual in equation (19) Decomposition of the change of the agricultural share, equation (19), into short-run and long run effects using estimates in Table 3 B (ii), is illustrated in Figure 6 . The short run effects reflect the combined impacts of changes in the contemporaneous values P a /P n , K/L and R/L. The long run effects result from the joint influence of changes in lagged values of S a , P a /P n , K/L, R/L and technical change. Figure 6 shows the combined short and long run effects. Our estimates indicate that the change in the agricultural share of GDP, its dynamic behavior, is significantly impacted by the past values of these variables, the long-run effect. These results indicate that the speed of adjustment of S a to a new steady state will depend crucially on the level of the variables at the initial steady state, more than on how the specific dynamic paths of these variables evolve. The number inside the parenthesis is the t ratio, and the t statistic is 2.228 at a 95% confidence level and 1.812 at a 90% confidence level. 2. A "**" indicates significance at the 5 percent level, "*" indicates significance at the 10 percent level. 3. The t ratios for the coefficients of the long run relationship were retrieved from the underlying nonlinear approximation.
4. ε aa and ε nn are supply elasticities of agriculture and nonagriculture output at the mean. τ an and τ na are transformation elasticities between agriculture and nonagriculture outputs. 5. Ramsey RESET(2) tests are based on the t test for significance of the incorporated squared predicted value. share. This exercise complements that of Figure 6 as it indicates how the evolution of each variable as well as their initial levels has influenced the dynamic path of the agricultural share.
We learn that the land-labor ratio makes positive but declining contributions to the change in agricultural share, while the capital-labor ratio has an increasingly negative effect. Technical change seems to be increasingly biased for agriculture while relative prices have almost no effect. Figure 8 shows the same exercise of decomposition of the agricultural share itself, instead of its change. It plots the components of the S a equation in Table 3 C. This shows that in steady state, the agricultural share of GDP in Taiwan has been influenced mostly by the evolution of inputs, in particular by the capital-labor ratio.
In Table 4 we see that the agricultural share of GDP in Taiwan has decreased from an average of 12 percent in the 1970s to 6 percent in the 1980s to 2.5 percent in the 1990s. Using the estimates in Table 3 C we are able to complement Figure 8 with a 'growth-decomposition' analysis that indicates the average impact of each of the relative prices, endowments, and technical change on the evolution of the steady state level of the share of the agricultural sector. Table 4 reinforces the results in Figure 8 indicating that flows of resources out of the sector are the most important determinant of the reduction in the steady state level of the agricultural share in Taiwan. Relative price changes have had a minor and ambiguous effect while technical change has been in favor of the sector but its impact has been drowned by the resource drain. .
VI. Conclusion
The results suggest that relative prices have a positive but small influence on the share of agriculture in GDP in both the long-run and the short-run. A decline in the relative price of agricultural products is associated with a decline in the share of agriculture in GDP, other things equal. An increase in capital per unit of labor, on the other hand, is associated with a smaller agricultural share. This result is consistent with the Rybczynski Theorem, since agriculture is relatively labor intensive. Technical change has been biased in favor of the agricultural sector but this effect has been swamped by the magnitude of the input effects, in particular, the changes in the capital-labor ratio.
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